DISCOVERY OF THE ELECTRON
and the pumps then available were not fast enough to keep pace with this liberation. However, after running the discharge through the tube day after day without introducing fresh gas, the gas on the walls and electrodes got driven off and it was possible to get a much better vacuum. The deflection of the cathode rays by electric forces became quite marked, and its direction indicated that the particles forming the cathode rays were negatively electrified.
This result removed the discrepancy between the effects of magnetic and electric forces on the cathode particles : it did much more than this, it provided a method of measuring v, the velocity of these particles, and also tnje, where m is the mass of a particle and e its electric charge.
The mechanical force exerted by an electric force X on the particle is equal to ~Ke and is in the same direction as X ; the mechanical force on the moving particle exerted by a magnetic force H is not in the direction of H9 but at right angles to it, and it is also at right angles to the velocity of the particle ; if the magnetic force is at right angles to the direction of motion of the particle the mechanical force is Hev. If the applied electric force X is at right angles both to the velocity and to the magnetic force, the mechanical forces due to the electric and magnetic forces are in the same straight line, and by altering X and H can be made to balance each other, leaving the cathode particle undetected. When this is the case Xe=Hef, so that i>=X/H. As we can measure easily both X and H, this gives a simple method of finding v. When we have got v, we can get m/e, for a magnetic force applied in the proper direction bends a thin pencil of cathode rays into a circle whose radius is mv/He ; this can be measured, and hence by the magnetic deflection
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